The capture and handling of free-ranging animals is an important tool for wildlife research, conservation, and management. However, live capture may expose individual animals to risk of injury, impairment, or mortality. The polar bear (Ursus maritimus) is a species of conservation concern throughout its range and physical markrecapture techniques have formed the basis of polar bear research and harvest management for decades. We examined movement patterns of polar bears postcapture to measure their recovery from chemical immobilization and determine whether captured bears experienced prolonged effects that would affect individual fitness. Adult female (n ¼ 61) and juvenile (n ¼ 13) polar bears in 3 Canadian subpopulations were captured during the course of other studies using a combination of tiletamine hydrochloride and zolazepam hydrochloride delivered via remote injection from a helicopter. Bears were fitted with satellite-linked global positioning system collars and we used 3 individual-based metrics to assess their recovery from immobilization: time to move 50 m; time to move 100 m; and time to reach a baseline movement rate threshold (km/day) derived from each individual's movements in a fully recovered state (i.e., 30-60 days postcapture). There were no differences in recovery rate metrics across years, age classes, or between females with cubs of different ages. When compared across subpopulations, only the time to move 50 m differed, being shortest in the southern Beaufort Sea. Bears captured on land during the ice-free period in western Hudson Bay and Foxe Basin were more variable in their response to capture than were those handled on the sea ice of the Beaufort Sea, but in all 3 areas, bears showed gradual increases in movement rates. Movement rates indicative of recovery were often reached 48 h after capture and 51 (69%) of 74 bears appeared to be fully recovered in 3 days. Consistent with preliminary work on chemical immobilization of polar bears, there was no relationship between drug dose and rate of recovery. Our results indicated that polar bears captured in different locations, seasons, and life-history stages recovered predictably from chemical immobilization in a time frame that is unlikely to affect individual fitness. The capture and handling of free-ranging animals is an important part of wildlife ecology, conservation, and management. Although field studies using less-invasive methods (e.g., aerial surveys) can provide insights into the abundance of populations, the physical capture, marking, and recapture of individual animals remains an important approach for population assessment (Krebs 1999) . Moreover, live capture may be the only means of collecting certain types of biological samples, measurements, and reliable information on reproduction, age structure, and survival rates. For some species, live w w w . m a m m a l o g y . o r g 386
capture or restraint, or both, also may be an alternative to lethal control in management situations, where human safety or property may be at risk (Linnell et al. 1997) . Regardless of the reasons for live capture, for most species, the immobilization and restraint of individuals entails some risk of impairment, injury, or mortality. For populations of conservation concern, the effects of handling must be known and weighed against the conservation benefit of live-capture programs.
The polar bear (Ursus maritimus) is a species of conservation concern throughout its circumpolar range as global warming continues to drive declines in the availability of sea ice that serves as the species' primary habitat (Derocher et al. 2004; Durner et al. 2009; Stirling and Derocher 2012) . Population studies of polar bears have relied on markrecapture field techniques (e.g., Amstrup et al. 2001; Demaster et al. 1980; Regehr et al. 2007 ). Although less-invasive methods of assessing polar bear populations (e.g., remote biopsy of genetic material) are being developed, helicopterbased chemical immobilization may still be necessary for the collection of demographic data to support sustainable harvests, to deploy satellite telemetry devices to monitor populations, and to collect biological measurements and samples (Vongraven et al. 2012) .
Since the mid-1980s, a 1:1 mixture by weight of the dissociative anesthetic tiletamine hydrochloride and the tranquilizer zolazepam hydrochloride (hereafter referred to as ZT) has emerged as the preferred drug for immobilizing freeranging polar bears (Haigh et al. 1985; Stirling et al. 1989) . Available under the trade names Telazol (Fort Dodge Animal Health, Fort Dodge, Iowa) and Zoletil (Virbac Laboratories, Carros, France), ZT has several advantages (Stirling et al. 1989) , including full immobilization with a single injection; a wide tolerance to overdosing; effective partial immobilization upon underdosing; maintenance of high respiratory rates that allow bears to thermoregulate while immobilized; and a low mortality rate (,1/1,000 captures . Beyond these immediate, generally short-term responses to immobilizing drugs, the long-term effects of capture and handling also have been examined. Using capture data dating back to 1967 and a range of different immobilizing drugs, Ramsay and Stirling (1986) found evidence that capture of adult female polar bears may negatively affect their subsequent litter size and cub mass. In contrast, Derocher and Stirling (1995) found no difference in the body mass of polar bears with and without a history of capture. After a comprehensive review of .3,000 polar bear captures that used ZT as the immobilizing agent, identified some unavoidable short-term effects of handling, including physiological stress associated with pursuit of the animal before darting and the bruising (and potentially more serious injuries) associated with the impact of the dart (see also Cattet et al. 2006 ). However, both Ramsay and Stirling (1986) and concluded that longterm effects of chemical immobilization of polar bears either were not measureable or were negligible and the management and conservation benefits of live-capture programs outweighed the risks (also see Vongraven et al. 2012 ).
Despite the weight of evidence in support of limited livecapture programs, biologists and local communities remain concerned over the effects of capture on the subsequent behavior of bears (Cattet et al. 2008; Henri et al. 2010) . Studies of the recovery of polar bears have been limited to direct observations of movement up to the point the animal becomes mobile enough to be dangerous to a nearby observer. Beyond revisiting a capture site to see if the bear has vacated the area, data on the effects of capture are limited to analyses of subsequent recaptures (Derocher and Stirling 1995; Ramsay and Stirling 1986) . There are currently no data available on how polar bears recover from immobilization, beyond the initial stage of regaining basic mobility. It is conceivable that chemical immobilization may impair the mobility of polar bears for some time after they resume activity. If this impairment is prolonged, it may have negative consequences on individual fitness. Moreover, to accurately infer polar bear behavior and space use from increasingly highresolution telemetry data, it is essential to identify the point at which the animal's behavior is no longer affected by the capture event.
In this study, we used location data collected from polar bears fitted with global positioning system collars that were deployed during the course of other studies. We examined the movement patterns of polar bears at different stages of their annual life-history cycle in 3 Canadian subpopulations to measure their rates of recovery to normal movement behavior and thus determine whether there is a prolonged effect from immobilization. The results of this study are necessary for a better understanding of the effects of chemical immobilization and handling and the development of appropriate management protocols for polar bears.
MATERIALS AND METHODS
Polar bear capture.-In 2007 and 2008, free-ranging polar bears were captured for ecological studies in the Canadian subpopulations of the southern Beaufort Sea, Foxe Basin, and western Hudson Bay (Fig. 1) . Bears in these regions were captured at different points in their annual life-history cycle. Bears in the southern Beaufort Sea were on sea ice in April and May. At this time of year, adult polar bears are engaged in breeding activity and all bears were likely close to their lowest body masses of the year, having survived the winter and not yet at the late-spring season of peak prey availability (Stirling 2002) . Given their motivation for hunting, feeding dependent offspring, and mating, these bears were moving at or near their maximal seasonal rate (Amstrup et al. 2000; Messier et al. 1992) . In contrast, polar bears in Foxe Basin and western Hudson Bay were captured on land in August and September, respectively, when they were close to their highest body masses of the year (Stirling et al. 1977) . Bears on land generally have low movement rates characteristic of an energyconserving physiological and behavioral state (Derocher and Stirling 1990; Lunn et al. 2004 ). Polar bears were located from a helicopter and immobilized with ZT delivered by remote injection of a dart fired from the helicopter. Dart needle length ranged from 3 to 6 cm depending on body size and estimated thickness of the subcutaneous fat. Polar bears in western Hudson Bay and Foxe Basin were preferentially darted in the upper shoulder or lower neck where the subcutaneous fat layer is thinnest and the highly vascularized muscle layer is most accessible. Bears in the southern Beaufort Sea were leaner and were preferentially darted in the rump (Stirling et al. 1989) . Darts had a capacity of 7 ml (Cap-Chur Equipment, Douglasville, Florida) and, with the exception of bears in Foxe Basin in 2008, ZT was administered at a concentration of 200 mg/ml. Thus, these bears received an initial dose of 1,400 mg. If the dart did not produce immobilization sufficient to safely approach the animal, an additional dart was used. In Foxe Basin in 2008, the concentration of drug was 250 mg/ml, so these bears received 1,750 mg in the initial dart. The immobilization protocol was intended to deliver a dose of 8-9 mg/kg of body mass to all captured bears (Stirling et al. 1989) . After a solitary bear was darted, the helicopter gained altitude and remained at a distance that allowed observation of the bear without causing it to run. As the immobilizing drug took effect, bears would sequentially display ataxia, sternal recumbency, and full immobilzation. If recumbency was achieved but the bear was not fully immobilized, additional drug was administered by hand injection or pole syringe. For family groups, the mother was immobilized 1st and dependent cubs subsequently darted from the air or via pole syringe from the ground. We followed Thiemann et al. (2011) subpopulations, and because contemporary morphometric equations can be applied between subpopulations with relatively little bias (Thiemann et al. 2011 (Sikes et al. 2011 ). Satellite telemetry.-Satellite-linked global positioning system collars (models TGW-3680 and TGW-4680; Telonics Inc., Mesa, Arizona) were deployed on 61 adult females (.4 years) from all 3 subpopulations and 13 juvenile bears (2-4 years) from the southern Beaufort Sea. Adult males were not fitted with collars because the circumference of their necks typically exceeds the circumference of their heads, making it easy for them to remove a collar. All collars included a Telonics CR-2a drop-off mechanism programmed to release the collar 12-24 months after deployment and corrodible aluminum nuts to secure the collar. This ensured that collars deployed on juveniles would not become restricting as the bear grew. The global positioning system units were programmed to record the bear's location every 3 h (Foxe Basin only) or 4 h (all subpopulations) throughout the deployment period. Location data were transmitted via the Argos satellite system and distributed by CLS America (Lanham, Maryland). Data from the TGW-3680 collars were processed and ''bad'' fixes identified and eliminated using the Telonics Data Converter (ADC-T03, version 4).
The temporal and spatial resolution of the global positioning system data allowed us to use movement rates to infer the behavioral effects of polar bears' immobilization and capture. Movement rates during the first 30 days following capture were calculated based on the time and distance between consecutive locations. The 74 collars yielded 29,986 movement intervals; 87% of intervals were 4 h long and 94% of intervals were 8 h. Although locations separated by longer periods may underestimate movement rates (Andersen et al. 2008) we considered all time intervals because this would yield the most conservative (i.e., longest) estimate of the time required for polar bears to resume normal movement after capture. Only 1.4% of movement intervals exceeded 24 h and the maximum time between successive locations for any bear was 9.2 days.
Times posthandling are reported relative to the time the collar was initialized with the Argos satellites and deployed on the bear. Initialization typically occurred 20-30 min after the bear was caught. Although the capture time was recorded it was considered less reliable than the Argos time stamp, which also allowed standardization of methods between study areas. Initialization data were unavailable for 14 collars that had been initialized before the bear was captured (13 in Foxe Basin and 1 in the southern Beaufort Sea). For these bears, the 1st regularly scheduled global positioning system fix after capture was used as the time of capture. Because this global positioning system fix may have occurred several hours after the time of capture recorded in our field notes (range: 1.3-5.7 h;X ¼ 3.5 h), the times to recovery for these bears may be slightly underestimated. However, in these cases, any early movement indicative of recovery before the 1st global positioning system fix also would have gone undetected.
Recovery metrics.-We considered several metrics to estimate the time required by individual polar bears to recover following chemical immobilization. To examine the time needed for bears to regain their mobility, we recorded the time taken by each bear to move at least 50 m away from its capture site, a distance that is not likely influenced by uncertainty around the global positioning system fixes (generally ,10 m, based on locations from known stationary collars, S. G. Cherry, in litt.). We also recorded the time required to move at least 100 m. However, a polar bear capable of moving short distances is not necessarily fully recovered and it is possible that bears may flee the capture site and complete their recovery somewhere else. We defined complete recovery as the point at which a polar bear resumes its normal movement pattern. However, ''normal'' or precapture movement is difficult to characterize because the bear's movement before capture is unknown and individual-and population-level variability in movement patterns is high. For bears on the sea ice, published movement rates of collared adult female bears range from 5.3 km/day in eastern Greenland (Born et al. 1997) to 50.4 km/day in western Hudson Bay (Parks et al. 2006) . Although individual movement rates (as opposed to group means) have rarely been reported, Born et al. (1997) found that individual movement rates in winter ranged from 0.06 to 24.17 km/day in eastern Greenland and Amstrup et al. (2000) and Mauritzen et al. (2001) reported similar individual variability in other characteristics of movement, such as home-range size. We therefore concluded that it was inappropriate to define a single recovery threshold and instead developed individual recovery thresholds for each bear.
To define an individual recovery threshold for each bear, we calculated the mean daily movement rate of each individual 30-60 days postcapture and considered a bear recovered when it achieved the lower 95% confidence limit of this mean. Because short-term movement rates can be high and not necessarily indicative of a bear's sustained movement, we calculated a moving mean rate of movement over at least the previous 12 h and used this variable to determine when the recovery threshold had been reached. We selected the 30-to 60-day window as the basis for the recovery threshold because Cattet et al. (2008) found that grizzly bear (U. arctos) movement rates peaked 28 days after capture. Our window ended at 60 days because beyond that time, polar bears in this study were shifting into different habitats and different stages of their annual life-history cycle. Specifically, bears in Foxe Basin and western Hudson Bay generally moved back onto newly formed sea ice within 2-3 months of capture. Movement rates beyond 60 days were therefore not comparable to the onshore, precapture condition. Bears captured in the Beaufort Sea in April and May of 2007 and 2008 would have been in an environment with rapidly deteriorating ice conditions .60 days postcapture, because the summer ice pack retreated to record lows during the 2 years of this study (Comiso et al. 2008; Wang and Overland 2009) .
Statistical analyses.-We used analyses of variance (ANOVAs) on log-transformed data to compare immobilization procedures and rates of recovery across subpopulations, between years, and between females with cubs-of-the-year and those with older cubs (yearlings or 2-year-olds). Bonferroni tests were used to make post hoc comparisons among subpopulations. We used t-tests to compare between age classes (adult versus juvenile) in the southern Beaufort Sea and we used linear regression to examine the relationship between recovery and drug dose. We performed all statistical analyses using SPSS 19.0 (SPSS Inc., Chicago, Illinois) and set statistical significance at a ¼ 0.05.
RESULTS
Immobilization.-Of the 74 bears handled in this study, 39 (52.7%) were fully immobilized with a single dart. Thirty-two bears (43.2%) required 2 injections and 3 bears (4.1%) needed 3 injections either to achieve initial immobilization or to maintain sufficient immobilization to complete all handling tasks. The number of injections (Table 1) did not differ between subpopulations (F 2,71 ¼ 1.60, P ¼ 0.21) or between adults and juveniles (t 23 ¼ 0.26, P ¼ 0.80). Polar bears in western Hudson Bay and Foxe Basin ultimately received a lower mass-specific amount of drug (F 2,71 ¼ 13.14, P , 0.01) than bears in the southern Beaufort Sea (Bonferroni, P , 0.01), where juvenile bears received a higher dose (t 23 ¼À2.33, P ¼ 0.03) than adults. The subpopulations also differed when dose was expressed per kilogram of structural mass (Table 1 ; F 2,71 ¼ 5.47, P ¼ 0.01). Bears in western Hudson Bay received a lower structural dose than those in Foxe Basin (P ¼ 0.04) or the southern Beaufort Sea (P ¼ 0.01) and juveniles in the Beaufort Sea received a higher structural dose than adults (t 23 ¼À2.67, P ¼ 0.01). Given that all bears, with the exception of those in Foxe Basin in 2008, received the same initial amount of drug (i.e., 1,400 mg), detected differences in drug dose were largely a result of differences in body mass, which differed among adults (F 2,58 ¼ 4.68, P ¼ 0.01), being higher in western Hudson Bay than the Beaufort Sea (P ¼ 0.01). Body mass did not differ between the southern Beaufort Sea and Foxe Basin (P ¼ 0.10) or between Foxe Basin and western Hudson Bay (P ¼ 0.69). Body mass was higher in Beaufort Sea adults than in juveniles (t 23 ¼ 4.88, P , 0.01). There were no significant differences in the total amount of drug (mg) received by bears in any of the 3 subpopulations (Table 1; ¼ 0.97, P ¼ 0.33). Therefore, all bears were pooled across years in subsequent analyses. Similarly, despite differences in the dose of drug received by adults and juveniles in the southern Beaufort Sea, the 2 age groups did not differ in any of the 3 recovery metrics (time to 50 m: t 23 ¼À1.17, P ¼ 0.26; time to 100 m: t 23 ¼ À1.55, P ¼ 0.14; time to movement rate threshold: t 23 ¼À1.30, P ¼ 0.21). Consequently, adults and juveniles in the southern Beaufort Sea were pooled for comparisons across subpopulations. There also were no differences in recovery metrics among bears in Foxe Basin that received a collar that was initialized at the time of deployment (n ¼ 15) versus those collars that were initialized previously (n ¼ 13) and thus lacked a ''time zero'' location (time to 50 m: t 26 ¼ 1.10, P ¼ 0.28; time to 100 m: t 26 ¼ 0.75, P ¼ 0.46; time to movement rate threshold: t 26 ¼ À1.20, P ¼ 0.24; see ''Materials and Methods''). All collar deployments were therefore used in analyses of recovery.
In all 3 subpopulations, bears showed a gradual increase in movement rates, which reached a rough plateau approximately 48 h after capture (Fig. 2) . Of the 3 recovery metrics (Table 1) , only time to 50 m differed among the 3 subpopulations (F 2,71 ¼ 4.57, P ¼ 0.01), with bears in the southern Beaufort Sea moving sooner than bears in western Hudson Bay (P ¼ 0.01). There were no significant subpopulation trends in time to 100 m (F 2,71 ¼ 2.73, P ¼ 0.07) or the movement rate threshold (F 2,71 ¼ 0.88, P ¼ 0.42). Among females with dependent young, those with cubs-of-the-year did not differ from those with older cubs in any recovery metric (2-way ANOVA with subpopulation, time to 50 m: F 1,50 ¼ 0.91, P ¼ 0.35; time to 100 m: F 1,50 ¼ 0.93, P ¼ 0.34; time to movement rate threshold: F 1,50 ¼ 2.43, P ¼ 0.13) nor were there any interactions between subpopulation and cub age (time to 50 m: F 2,50 ¼ 1.43, P ¼ 0.25; time to 100 m: F 2,50 ¼ 2.03, P ¼ 0.14; time to movement rate threshold: F 2,50 ¼ 0.76, P ¼ 0.47). Across all subpopulations, 59.5% of bears moved 50 m within 12 h of capture (80.0% in the southern Beaufort Sea, 53.6% in Foxe Basin, and 42.8% in western Hudson Bay).
Based on the movement rate thresholds for full recovery, 68.9% (51 of 74) of bears recovered in 3 days or less. Another 24.3% (18 of 74) required 3-12 days and 6.8% (5 of 74) took 17-21 days to reach the movement rate thresholds (Fig. 3) . Bears showed individual variability in their recovery patterns, although all gradually increased their movement rate over time. 
Examples of individual recovery trajectories are illustrated in
Figs. 4-6. Qualitatively, individual responses were most consistent in the southern Beaufort Sea, where all bears demonstrated bouts of rapid movement over the 90-day study, punctuated by short periods of rest. The examples illustrated in Fig. 4 are representative of all bears handled in the southern Beaufort Sea. In Foxe Basin (e.g., Fig. 5 ) and western Hudson Bay (e.g., Fig. 6 ), individual responses were more variable, with some bears moving at high rates, whereas others remained largely inactive until they moved back onto the sea ice.
None of the recovery metrics was significantly related to drug dose (time to 50 m: F 1,72 ¼ 0.23, P ¼ 0.63; time to 100 m: F 1,72 ¼ 0.82, P ¼ 0.37; time to movement rate threshold: F 1,72 ¼ 0.07, P ¼ 0.79) or structural dose (time to 50 m: F 1,72 ¼ 0.87, P ¼ 0.35; time to 100 m: F 1,72 ¼ 3.73, P ¼ 0.06; time to movement rate threshold: F 1,72 ¼ 0.01, P ¼ 0.94). We compared our dose-recovery data to the results of an earlier study by Stirling et al. (1985) , who used ZT on polar bears in western Hudson Bay (Fig. 7) . Stirling et al. (1985) reported the time from the 1st injection of drug to the 1st sign of recovery, defined as the 1st unstimulated head movement after complete recumbency. Examined alone, the data from Stirling et al. (1985) suggest a significant relationship between dose and recovery rate (linear regression: F 1,26 ¼ 9.51, P , 0.01; Fig. 7) . However, this trend was driven by 3 bears that received very high doses (i.e., 18.8-52.2 mg/kg) relative to our study (X ¼ 8.7 mg/kg). When only those bears receiving 18.3 mg/kg of drug (i.e., the maximum dose in our study) were considered, the examination of the data from the study of Stirling et al. (1985) showed no relationship between dose and recovery rate (F 1,23 ¼ 1.42, P ¼ 0.25).
DISCUSSION
Our results indicate that polar bears captured in different locations, seasons, and life-history stages recover gradually and predictably from chemical immobilization. The most common chemical immobilization protocol for polar bears, which uses ZT delivered via remote injection from a helicopter (Stirling et al. 1989) , allows polar bears to be safely handled and resume what we considered to be normal movement rates, typically within 2-3 days of capture. Polar bears showed little effect, with respect to movement rates postimmobilization, of over-or underdosing, and 52.7% of captures were performed with a single injection. Capture protocols were generally consistent among the 3 research teams involved in this study, even though 1 team used a higher concentration of drug in Foxe Basin in 2008. Although polar bears captured on land during autumn were more variable in their recovery time than were bears on the sea ice in early spring, our results support the underlying assumption of many field studies that chemical immobilization and radiocollaring of free-ranging polar bears has little lasting effect on their subsequent movement behavior.
Immobilization.-The use of a higher concentration of drug in Foxe Basin in 2008 meant that these bears received 25% more drug in the first 7-ml dart than administered to bears in other capture seasons. Although the different concentration did not change the mass-specific dose or the total amount of drug administered, it did appear to reduce the number of injections necessary to achieve full immobilization. Of the 17 bears that received the higher concentration, only 1 (5.6%) required any additional drug. In contrast, 34 (59.6%) of 57 bears captured using a 200-mg/ml concentration required multiple injections. These results suggest that a slightly higher initial concentration (i.e., 250 mg/ml) may reduce the need for subsequent injections. Given that each darting event presents risk to the bear and capture team, use of a slightly more concentrated drug solution warrants further consideration. Polar bears in western Hudson Bay and Foxe Basin were immobilized with lower doses (mg/kg) than bears in the southern Beaufort Sea. Given that all bears received a standard amount of drug in the 1st injection (either 1,400 mg or 1,750 mg, see above), the lower mass-specific doses received by bears on land in autumn were a product of their large body mass, relative to bears on the sea ice in the spring, when bears are near their minimum yearly body masses. Despite being in a negative energy state and doing little feeding (Latour 1981; Ramsay and Hobson 1991) , polar bears on land were close to their maximum seasonal body mass, having recently accumulated fat during the peak period of prey availability in late spring and early summer (Ramsay and Stirling 1988; Stirling et al. 1977) . Similarly, juvenile bears in the southern Beaufort Sea received a higher dose of drug than did adult females primarily because of their smaller size, both in terms of total mass and structural mass.
Recovery.-Although there was variability among individuals, most bears (59%) were moving at least short distances within 12 h of capture. Fifty-one percent of bears had resumed movement rates that were indistinguishable from the fully recovered state ,50 h after capture. Sixty-nine percent of bears appeared to be fully recovered within 3 days of capture. In an analysis of the effects of capture on American black bears (U. americanus) and grizzly bears, Cattet et al. (2008) concluded that movement rates of captured animals were depressed, relative to a presumed normal condition 70 days postcapture, for 3-6 weeks, which is substantially longer than the 2-3 days we found for polar bears. In addition to considering different species and recovery metrics than our study, Cattet et al. (2008) also used different immobilizing drugs and capture techniques, including leghold snares, making comparisons between the studies difficult.
Despite variability in mass-specific drug dose, there were few differences in recovery rate, either between or within subpopulations. The only detectible difference in any of the recovery metrics was a shorter time to move 50 m among bears captured in the southern Beaufort Sea, a result that may be partly driven by bears in this region being on the sea ice, which itself was potentially moving. Given that bears in the southern Beaufort Sea received, on average, the highest mass-specific doses of drug, their faster short-term recovery was not likely linked to any difference in capture protocol. It is possible that the shorter time to the first 50 m may be a result of some intrinsic difference in the activity levels of bears on the sea ice versus those on land during the ice-free season. For instance, polar bears in a physiological fasting state in autumn (Nelson et al. 1983; ) may take longer to metabolize ZT, or bears with younger cubs on the ice in spring may be motivated to move sooner. However, cub age did not affect recovery rate and the other 2 recovery metrics (time to 100 m and time to movement rate threshold) did not indicate regional differences. Overall, the recovery of immobilized polar bears was similar across the 3 areas despite different ecological conditions.
Given that the clearance rate of ZT may be more strongly related to lean body mass than total mass (Morgan and Bray 1994) , we anticipated that structural mass (sensu Molnár et al. 2009 ) may be a better predictor of recovery rate than total mass. However, rate of recovery was not significantly related to drug dose, whether expressed relative to total mass or to structural mass. In one of the earliest studies of polar bear capture using ZT, Stirling et al. (1985) also noted that there was little obvious relationship between dose and recovery rate. Although bears that received unusually high doses in that study (i.e., 18.8-51.3 mg/kg) were slow to recover, within the range of drug doses used in the 3 field programs examined here, recovery was independent of dose. The lack of a dose-recovery relationship also corroborates the widely held understanding among field biologists that polar bears are tolerant to over-and underdosing of ZT (also see Cattet et al. 1997) .
Given the lack of relationship between the dose of drug administered and the time required to recover, individual variation in recovery rates was not easily explained. Although active pursuit times would be difficult to measure in the field, bears that spent more time running and thus had greater oxygen depletion in their bloodstream may have taken longer to recover. Environmental or life-history conditions likely played a role in individual recovery rates because the 5 bears that required !12 days to reach the recovered movement rate threshold were all captured onshore in Foxe Basin (n ¼ 4) or western Hudson Bay (n ¼ 1). To some degree, this lack of ''full recovery'' was an artifact of an imprecise metric; all 5 bears moved 50 m within 15 h and moved 100 m within 1 day. Three of the 5 bears retained their collars and returned to the sea ice during the 90-day period of this study. These 3 bears all resumed movement rates that were typical of bears on the sea ice. Of the other 2 bears, 1 dropped her collar on day 72 and the other did not return to the ice during the 90-day period of this study. However, the slow recovery of these 2 bears was at least partially explained by their relatively high movement rates 30-60 days postcapture. These high movement rates resulted in the thresholds for recovery for these bears (9.6 and 17.5 km/day) being among the highest of all bears captured on land (X ¼ 4.0 km/day).
Polar bear movement patterns are highly variable across individuals (Mauritzen et al. 2001; Parks et al. 2006; Wiig 1995) , and it is therefore difficult, if not impossible, to establish a standard metric for determining full recovery from immobilization. However, the individual short-term, distance-based metrics and the longer-term, rate-based metric used here captured the recovery trajectories. Examined individually, movement rates indicated that polar bears captured on the ice recovered in a predictable fashion, with bears quickly (i.e., within 48 h; Fig. 2 ) resuming movement patterns that were indistinguishable from the fully recovered state. For bears captured on land, our results indicate more individual variability, with some individuals moving to a different area after capture, and others remaining in the vicinity of their capture until freeze-up. The factors contributing to individual variation in recovery warrant further study and may include nutritional condition or past capture history. The abrupt transition to rapid on-ice movements at freeze-up suggests that the lack of movement after capture is driven by individually variable responses to the onshore environment, such as proximity to conspecifics or prey carcasses, and seasonal behavior rather than residual effects of immobilization. Bears on shore during the ice-free period were primarily in an energy-conserving state (Ramsay and Stirling 1988) , and thus had little energetic incentive to move. In contrast, bears on the sea ice in spring were engaged in critical feeding and Stirling et al. (1985, closed circles) . Bears in the current study were considered recovered when they reached the lower 95% confidence interval for the bear's mean movement rate 30-60 days postcapture (see text). Stirling et al. (1985) recorded the time to the bear's 1st unstimulated head movement.
breeding activities, which may have contributed to their more consistent postcapture movements.
The movement rates of individual polar bears in this study increased gradually over time, indicating that polar bears immobilized with ZT recover gradually and predictably. The predictability of polar bears' response to ZT, as opposed to the occasionally sudden recovery of bears immobilized with earlier drugs (Schweinsburg et al. 1982) , is one reason why ZT has become the most common drug used in the live capture of polar bears over the last 2 decades. Despite the drug's ease of use in the field, the recovery behavior of polar bears immobilized with ZT has been incompletely understood. Previous studies have been limited to observing polar bears in the early stages of recovery (i.e., 1-2 h postcapture- Stirling et al. 1985) or examining potential long-term effects by comparing the characteristics of bears with and without previous capture histories (e.g., . Our study examined movement behavior of polar bears in the days and weeks following immobilization, when any behavioral effects would likely be most evident and, if they impaired the ability of polar bears to acquire food or mates, potentially most detrimental. Our results indicate that the gradual recovery displayed by polar bears immediately following their capture continues in a predictable, albeit individually variable, fashion until the bear recovers normal movement patterns. Although each step in the capture process (e.g., pursuit, darting, and chemical immobilization) presents some risk to the individual bears, our results provide further evidence that these risks are understood and manageable. 
ACKNOWLEDGMENTS

LITERATURE CITED
